INtroDUctIoN
Viticulture in São Paulo State (Brazil) is based on the production of rustic table grapes as well as on the production of grapes for juice or wine. Recently, rural tourism has increased the demand for high-quality wines obtained from fine wine grapes. In this view, the 'Syrah' grapevine has been used because of its adaptability to warm regions (Orlando et al. 2008 ). This grapevine is also capable of presenting high content of soluble solids obtained in the southern region of Minas Gerais State (Mota et al. 2010; Fávero et al. 2008; Dias et al. 2012) and in the northeast region of the São Paulo State (Regina et al. 2011) .
However, during the usual grapevine cycle, induced by the regional climate (pruning in August and harvest in January), the grape maturation period and harvest occur during the rainy months, limiting the sugar accumulation in the berries (Amorim et al. 2005; Mota et al. 2010; Fávero et al. 2008; Regina et al. 2006; Santos et al. 2011) . It is also known that the rainy season in southeastern Brazil (November to March) may also negatively affect grape quality because of its influence on the phenological stages of cluster development, maturation, and harvest (Regina et al. 2011 ). This feature is particularly relevant for growers who produce fine wines (Regina et al. 2011) .
Therefore, the displacement of the grapevine production cycle, known as double pruning or extemporaneous pruning (pruning in January-February and harvest in July), allows harvesting during the dry months (Amorim et al. 2005; Regina et al. 2011) , favoring the grape ripening process. Also, according to Regina et al. (2011) , the management of extemporaneous pruning, in the southeast of the State of São Paulo, tends to allow considerable oenological gain for those growers targeting high-quality wines.
The extemporaneous pruning has been used successfully in southern Minas Gerais State, where several authors (Amorim et al. 2005; Fávero et al. 2008; Mota et al. 2010) reported high soluble solids for the 'Syrah' grapevine. Also, in the State of São Paulo, Regina et al. (2011) obtained values of 24 °Brix for 'Syrah' harvested from June to July (dry months; northeast of São Paulo), while Santos et al. (2011) reported values up to 21 °Brix in the eastern region of the state. Moreover, Sato et al. (2011) , in Paraná State, obtained lower values of soluble solids content (from 14 to 15 °Brix) for 'Syrah' produced in the dry season.
Despite of the above-mentioned advantages, the production of grapes in extemporaneous pruning system induces the vegetative growth during the rainy months. This potentially increases the occurrence of fungal diseases that may affect the yield. Several field experiments have been carried out with grapevines grown under plastic overhead cover in different regions of the country in order to reduce the use of pesticides under the wet conditions of this season (Chavarria et al. 2007; Mota et al. 2010) .
Another drawback of extemporaneous pruning of the 'Syrah' grapevine is related to the production system currently recommended to the growers. According to this recommendation, during the winter (August), the growers should perform spur pruning leaving 2 buds in the shoot and remove all clusters to allow just vegetative growth. After this, a second pruning (January/February) is also recommended (Fávero et al. 2008; Sato et al. 2011; Santos et al. 2011) . This system leads to rising costs due to summer growing season when no clusters are left for production. Therefore, we assume that it is important to allow the vines to produce grapes in 2 different/sequential cycles resulting in 2 harvests each year. Therefore, a field experiment was carried out aiming at characterizing the productive performance and the physicochemical must properties of the 'Syrah' grapevine grown under protected cultivation in sequential crop, harvested during summer and winter seasons.
mAterIAl AND metHoDs
The experiment was carried out in the vineyard of 'Syrah' trained in vertical shoot position system and grown under protected cultivation (waterproof plastic with 150 micra thick) located in Vinhedo, São Paulo State, Brazil (lat 23°03′48″S; long 46°57′30″W; and altitude of 720 m). According to Köppen classification system, the regional climate ranges from Cfb (the lowest areas) to Cfa (the highest areas). The shoots of the vines were trained vertically and supported by 4 strands of wire in sequential crops of summer and winter (2011 to 2015) . The vines were grafted on Paulsen 1103 rootstock and conducted with bilateral cordon. The spacing between rows was 1.7 m and the space between plants was 1.0 m, representing an approximate density of 5,800 plants per hectare.
During the summer growing season, the spur pruning was carried out leaving 2 buds per cane during the month of August, and harvest occurred during the months of January and February. For the winter growing season, the pruning was performed at the height of the second supporting wire during the month of February displacing harvest for the months of July and August. For both summer and winter crops, only 2 buds per cane were stimulated with Dormex® at a concentration of 4%.
Weekly phenological evaluations were performed in 10 plants randomly distributed in the vineyard. The scale proposed by Lorenz et al. (1995) was applied to establish the dates of flowering, maturity onset (veraison), and harvest.
During the maturation, 120 berry grapes were weekly sampled. The berries were extracted from the top, middle, and bottom of the clusters, following a ratio 1/2/1, respectively. The sample was divided into 4 sub-samples for evaluations of total soluble solids (TSS; digital refractometer -0 -32 °Brix scale); pH (bench pH meter); titratable acidity (ATT) obtained by must titration with 0.1 N NaOH solution until pH = 8.2, and the results were expressed in meq•L −1
. At harvest, it was evaluated the number of canes and clusters per plant in 30 grapevines randomly distributed in the vineyard. In addition, 30 clusters were collected to evaluate cluster weight. Average cluster weight and number of clusters per plant were used to estimate the final yield.
The plant variables and must physicochemical measurements were subjected to analysis of variance (ANOVA) and the average values, compared by t-test at 5% significance level, assuming equal variances in order to compare the summer and winter crops. The soluble solids content and titratable acidity values were fitted to 2 nd -degree polynomial equations as a function of the number of days after pruning. The performance of this 2 nd -degree equation as well as the significance of its parameters, estimated by the least square method, were assessed by both t-and F-test at the 5% level. All analyses were carried out using the R software (https:// www.r-project.org). Table 1 and Figure 1 depict the plant variables measured at harvest for sequential summer and winter growing seasons. According to the Shapiro-Wilk test (Wu et al. 2007) , the data are normally distributed. The t-test indicated significant differences in the phytotechnical parameters when the summer and winter seasons were compared. There was no statistical difference in the number of branches per plant, indicating uniformity in the conduction of the vineyard, once shoot thinning left one branch per spur. Cluster weight values varied between 145.1 and 163.3 g for summer crop and from 68.1 to 148.4 g for the winter growing season. Average values of 151.4 and 112.1 g were obtained for the summer and winter crop, respectively. According to the t-test, these 2 latter values are statistically different. The average number of clusters per plant was statistically different in respect to seasons. It was observed that more clusters were produced in summer crop (14.5) when compared to winter (13.0). The growing season also significantly affected the yield at 5% level (2.19 kg•plant −1 for the summer and 1.50 kg•plant −1 for the winter growing season). In addition, the results suggest that the rainfall amounts observed during the different growing seasons affected the cluster weight and yield. In order to provide further information regarding the seasonality of the variables, Figure 1 depicts the differences observed between summer and winter crops. The cluster weight and yield were compared to the amount of rainfall from flowering to the beginning of maturation. This period corresponds to the growth of berries and is critical for lack of soil water availability. According to Santos et al. (2011) , The results depicted in Figure 1 allow us to verify that the rainfall amounts affect both cluster weight and yield (Figure 1 ) It can be noted that, during the winter season of 2012, the unexpected high rainfall amount increased the yield leading to average cluster weight of 148.4 g. This inference is consistent with Mota et al. (2010) that also reported large cluster berries during the summer induced by high rainfall amount observed between flowering and the beginning of maturation.
resUlts AND DIscUssIoN
The values of cluster weight of this field experiment for 'Syrah' during the summer crop were lower than those reported by Santos et al. (2011) for the region of Jundiaí, São Paulo State (199 g). In the case of winter crop, the cluster weight of this study was lower than that observed by Amorim et al. (2005) which reported values of 160 g for 'Syrah' in the southern region of Minas Gerais and lower than those observed by Dias et al. (2012) (161 -212 g) during winter cycle in the same region. On the other hand, the values of this study were similar to those observed by Fávero et al. (2008) , also in southern Minas Gerais State, which related the value of 111.2 g for cluster weight. In the case of winter crop, it should be considered that the authors who worked in the south of Minas Gerais removed all clusters during the summer crop (Amorim et al. 2005; Fávero et al. 2008) allowing the plants to accumulate more carbohydrates during the summer growing season and expressing higher yield in the winter cycle. In the present study, cluster thinning was not carried out for the sequential seasons of summer and winter.
Yield values followed the same pattern as the cluster weight, showing significant differences between summer and winter crops ( Table 1 ). The average yield was 2.19 and 1.50 kg•plant −1 , respectively, for summer and winter. These values observed in the summer crop were lower than those of Santos et al. (2011) for 'Syrah' in Jundiaí, probably because from 2 to 3 branches per spur were left, while, in the present experiment, it was maintained only 1 branch per spur. The values of yield for the winter crop were similar to those reported by Santos et al. (2011) and lower than that observed by Amorim et al. (2005) for 'Syrah' in autumn-winter cycle in the southern region of Minas Gerais.
The average yields for the different seasons, considering a population of 5,800 vines per hectare, were 12.87 and 8.80 t•ha −1 , respectively, for the summer and winter crops. These values can be considered favorable for producing fine quality wines from 'Syrah' (Silva et al. 2009 ). The average yield for the winter season was similar to that reported by Fávero et al. (2008) , which varied from 6.15 to 7.70 t•ha −1 for different years in the location of Três Corações, Minas Gerais State. According to these authors, the use of extemporaneous pruning is feasible in southern Minas Gerais for yields equal to or higher than 7 t•ha −1
. Consequently, the practice of double pruning can be regarded as feasible in the region of Vinhedo.
The Shapiro-Wilk test indicated that must physicochemical variables are normally distributed. In addition, it was verified that the average values of these variables, observed during summer and winter season, differ from each other at the 5% significance level. The highest soluble solids content was observed in the winter crops (21.0 °Brix) while the lowest (18.0 °Brix), in the summer crops. This reduction of soluble solids in the summer season can be explained by the occurrence of high rainfall amounts (Fávero et al. 2008 ) that occurred 10 days before harvesting, as shown in Figure 2 . In this view, Santos et al. (2011) and Regina et al. (2011) reported by Santos et al. (2011) , in the State of São Paulo, and by Mota et al. (2010) in the State of Minas Gerais. For the winter crops, the soluble solids values were similar to those observed by these latter studies and to those reported by Amorim et al. (2005) , Mota et al. (2010) , and Dias et al. (2012) for 'Syrah' in southern Minas Gerais.
The pH values evaluated at the summer harvest were lower (3.31) than those evaluated at the winter harvest (3.36). Despite the statistical differences, pH values were very similar between the seasons (Table 2 ) and they can be considered suitable for winemaking given that the acceptable value is around 3.30 (Rizzon and Miele 2002) . This result is consistent with Mota et al. (2010) , which found pH values during summer (pH = 3.4) lower than those found in winter crops (pH = 3.6). Furthermore, for the 'Syrah' in winter crop, Dias et al. (2012) reported pH values greater than 3.5 for different years and rootstocks.
The lowest values of titratable acidity were also obtained for the winter growing season ( (Rizzon and Miele 2002) . Figure 3 depicts the temporal variability of the TSS and ATT values as function of the number of days after pruning; 2 nd -degree polynomial models were adopted because of their high R 2 values (observed for both summer and winter crops; Figure 3 ) and because previous studies have already used this model. For instance, Yamamoto et al. (2011) and Silva et al. (2009) used 2 nd -degree equations to model ATT values as function of days after pruning for 'BRS Clara' and 'Syrah' , respectively. Both t-and F-test indicated that the coefficients of all models are significant at the 5% level.
The high R 2 values indicate the possibility of using the number of days after pruning to estimate TSS and ATT for 'Syrah' during sequential summer and winter seasons. The values of R 2 presented in Figure 3 were similar to those reported for 'Cabernet Franc' (Manfroi et al. 2004) and 'BRS Clara' (Yamamoto et al. 2011) . Naturally, due to its parabolic behavior, a 2 nd -degree model presents an inflection point from which there is an inversion on the relationships between TSS and days ATT (meq·L after pruning and ATT and days after pruning. For the summer season, these limits are ~ 139 days after pruning (TSS curve) and ~ 142 days after pruning (ATT curve). For the winter season, these limits are: ~ 154 days after pruning (TSS) and ~ 157 days after pruning (ATT).
coNclUsIoN
It has been found for the 'Syrah' wine grape, grown in sequential summer and winter seasons, under protected cultivation in the Vinhedo region, the following differences: (a) higher yield and cluster weight during summer crop; (b) higher levels of soluble solids for the winter season; (c) higher titratable acidity during summer crop. These results suggest that the grapes harvested during the winter show physicochemical characteristics more suitable than those observed during the summer crops for winemaking purposes. It was also found that 2 nd -degree polynomial equations can be used to model soluble solids and titratable acidity as function of days after pruning.
